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Abstract
This paper concerns spatial and social inequalities in Northern Ireland (NI). Social and spatial inequalities
are essentially the differences between areas (or individuals) within a given context, for example, within
a country. NI is an often omitted region of the United Kingdom in analysis. It has many similarities to the
rest of Great Britain, but also some important differences. Using data from the Census of Population in
2001, social and spatial inequalities in Northern Ireland are examined and explored. The areal unit used,
the gridsquare, has been underutilised, primarily because it covers only NI. As this resource has been
underused, it provides a new perspective for exploring social and spatial inequalities. Using descriptive
mapping allows the visualisation of patterns in the data which, when combined with spatial analysis (the
Moran statistic) allows quantification of patterns in the data. This approach, combining census data and
the gridsquare areal unit, provides a fine grained approach to mapping. A realistic picture of population
can be formed using the gridsquare compared with the usual census boundaries. The extent of the map
area is NI, every coloured square is equal to one kilometre squared.
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1. Introduction
Social and spatial inequalities are essentially the differences between areas (or indivi-
duals) within a given context (for example within a country). This paper explores social
and spatial inequalities in Northern Ireland (NI) using data from the 2001 Census of
Population at a geographical level which has been underutilised. The areal unit used,
the one kilometre Gridsquare (1KGS), has not been widely used for research (Shuttle-
worth and Lloyd, 2009) primarily because it covers only NI and due to its unusual cha-
racteristics. As this resource has been underused, it provides a new perspective for
exploring social and spatial inequalities. Using descriptive mapping allows the visuali-
sation of spatial patterns in the data and when combined with spatial analysis, allows
for quantification of these spatial patterns. The 1KGS allows a fine grained approach
to mapping, as there are ‘gaps’ in the landscape where there are no people (or too few
people to disclose data), meaning more realistic patterns of population can be formed.
This is in contrast to standard census boundaries, which do not reflect such subtleties.
These differences are interesting to analyse as they can have important implications. For
example, if there are concentrations of a particular characteristic in neighbouring areas,
or in a particular subgroup of the population. As a smaller peripheral region of the
United Kingdom (UK), NI is often omitted in analysis. It has many similarities to the
rest of Great Britain (GB), but also some important differences. There has been much re-
search of health inequalities in the UK including gender differences (Rigby and Dorling,
2007; Gjonca et al., 2005; Kruger and Nesse, 2004), differences between socio-economic
groups (Acheson, 1998; Black et al., 1980; Davey Smith, 2003; Davey Smith et al., 2002;
Ferrie et al., 2002; Graham, 2000; Martikainen and Valkonen, 1996; McCarron et al., 1994;
Mitchell et al., 2000; Morris et al., 1994; Townsend and Davidson, 1982; Townsend et al.,
1988) and variations between areas at different geographical scales (Boyle et al., 2005;
Christie, 2001; Davey Smith et al., 2001; Howe, 1970; Mitchell et al., 2000; Sridharan
et al., 2007; Walsh et al., 2008). Many of these studies explore and examine the diffe-
rences between regions and nations within the UK (Dorling, 1997; Mitchell et al., 2000;
Townsend et al., 1988; Walsh et al., 2008) and suggest the existence of a “north-south”
divide in health (Shaw et al., 1999) which points to a social and economic divide along
similar lines. NI falls on the less favourable ‘north’ of this divide. NI has escaped the
same level of scrutiny as the rest of the UK, i.e. GB, which was observed by Campbell
(1993), perhaps because of the distinctive methods of data collection across England
and Wales, Scotland and NI or because of the small population of this region. This
makes comparing the four constituent countries of the UK somewhat problematic. The
result is a paucity of research of NI specific issues (Campbell, 1993) either as a separate
entity, or as part of a wider UK study. Furthermore, much of the research conducted
in NI has been related to ‘the troubles’ (Campbell, 1993) and its associated problems
(O’Reilly and Stevenson, 1998), with much less research on other important issues, such
as health inequalities, compared to the rest of the UK. Examples of health inequalities
research in NI include the issue of selective migration (O’Reilly and Stevenson, 2003),
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the negative effects of fuel poverty on health (Shortt and Rugkåsa, 2007) and how segre-
gation adversely affects mental health (French, 2009). Moreover, work by O’Reilly et al.
(2001) comparing the Irish cities of Belfast and Dublin showed “selective migration has
played a significant part in explaining the changing patterns of health around these ci-
ties” (p.355). In order to address this paucity, this analysis focuses on social and spatial
inequalities in NI.
2. Methods
The methodology for this analysis follows the principles of reproducible research (see
Koenker and Zeileis, 2009); that is the independent assessment and repeatability of ana-
lysis based on the careful documentation of the methodology and software used. Ano-
ther aspect of the methodology was to use open source software, in this case the statisti-
cal software R, explained further in the software section. When analysing spatial data it
is important to be familiar with the modifiable areal unit problem (MAUP; Openshaw,
1984) in order to ensure that proper account is taken of the potential for bias in analysis.
Similarly, awareness of the ‘ecological fallacy’ (Robinson, 1950), that is inferences about
areas (for example a gridsquare) do not necessarily mean that individuals within those
areas have the same characteristics, is necessary. This means that the results will show
the ‘experience’ of areas, but not of each and every individual within that area. To quan-
titatively assess patterns in the spatial data the Moran statistic (Cliff and Ord, 1981) was
calculated, which is a summarisation of the spatial arrangement (or spatial autocorre-
lation) of the data. The Moran statistic is a measure of the influence of neighbouring
spatial units and how this affects the values of variables observed in other neighbours.
Positive spatial autocorrelation implies that there is clustering in the features of a parti-
cular dataset, that is to say neighbours are similar. If negative spatial autocorrelation is
present, data is dissimilar to its neighbours. Positive values of the Moran statistic indi-
cate positive spatial autocorrelation and negative values, negative spatial autocorrela-
tion respectively. To sum up, consider the first law of geography,“everything is related
to everything else, but near things are more closely related than distant things” (Tobler,
1970).
3. Data
The maps were produced to investigate the social structure of NI using a fine-grained
spatial unit, the 1KGS. The 1KGS is both consistent through time (unlike many other
areal boundaries) from 1971 to 2001 and underutilised for research, as few examples
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of its use exist. One such example is the work of Shuttleworth and Lloyd (2009) who
state that “These data are unique; a similar dataset was generated from the 1971 GB
Census but it was then discontinued” (p.215). This allows new perspectives on social
and spatial inequalities to be observed and interpreted, although no use is made of the
consistency through time in this analysis. The data used is licensed by the Economic
and Social Research Council (ESRC) and made available to educational institutions in
the UK via the EDINA UKBorders services (http://edina.ac.uk/ukborders/). The data
was transformed by removing the items that had geographical restrictions (e.g. if a
polygon was in the sea) or data restrictions (e.g potential disclosure).
The variables used for the analysis were manipulated from their original format to cal-
culate rates of each ‘indicator’ mapped. Three indicators were constructed:
• Limiting Long Term Illness (LLTI): calculated by dividing the number of Persons
with a Long Term Limiting Illness by the total population. This will give an idea
of the proportion of people suffering from illnesses;
• Economic Activity (EA): calculated by summing Economically Active Males and
Economically Active Females, then dividing by the total population. This indica-
tor gives a summary of the level of economic activity of the population of an area;
and
• No Qualifications (NQ): calculated by dividing the number of Persons with No
Qualifications by the total population. This indicator aims to show the proportion
of people in an area with no qualifications.
The indicators were then divided by total population and mapped by quintile. The fi-
nal map is a combination of the quintiles of the three indicator, which shows multiple
advantage or disadvantage respectively. The choice of classification used is ‘quintile
breaks’ and therefore arbitrary; different classes will emphasize alternative aspects of
the data. Quintiles were chosen to allow equal size classes to be displayed. The weak-
ness of mapping with the 1KGS is that very small and rural areas are likely to be omitted
because of disclosure constraints. This is a weakness of the 1KGS as it is arbitrary in its
placement, as opposed to Output Areas for example, which try to include a minimum
population. The advantage is the 1KGS reveals a more distinct picture of where people
actually live.
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4. Results
The maps provide an indication of the clustering of the three indicators; LLTI, EA and
NQ respectively, across NI. For those not familiar with the geography of NI, note that
the large water mass in the middle of NI is Lough Neagh and the gaps to the south east
are the Mourne mountains, the north east, the Antrim hills and to the west, the Sperrin
mountains. This explains the lack of data in these areas. Keeping the geography in mind
each ‘indicator’ map is discussed in turn, firstly economic activity, illness, qualifications
and finally the combined map.
Low EA is focused in and around the north and west of Belfast, with EA increasing
in a ring around the city. More generally, the west has lower EA than the east. NQ is
clustered in urban areas, with the exception of an area of south Belfast (which includes
student areas). There is also a large ring of people with qualifications around the Belfast
urban area. Visually the pattern of LLTI is concentrated in the inner city of both Belfast
and Londonderry. In addition, the west of NI has higher rates, in general, than the east
of NI. All three indicators have an east-west split. Quantitatively, the Moran statistic
(Table 1) indicates that LLTI is the least positively spatially autocorrelated, followed by
EA then NQ and that all are significant. The fourth map, a combination of all three
indicators, shows the ‘worst’ concentration in inner Belfast, with a ring of the ‘best’





Table 1. Moran Statistics for 2001 Census data. Note 0.00 means “less than 0.005. Moran’s I positive values indicate
positive spatial autocorrelation and negative values, negative spatial autocorrelation respectively.
5. Conclusions
In conclusion, the spatial variation of NI has been visualised using descriptive mapping
of the 1KGS and quantified using the Moran statistic. There is an inherent bias against
sparsely populated or rural areas which must be taken into account when considering
the results. Also, it is important to bear in mind that classifying the data using ‘quin-
tile breaks’ may visually emphasise different aspects of the data. The maps visually
demonstrate which areas exhibit similar (or dissimilar) characteristics to neighbouring
areas, formally tested at a global level using Moran’s I. There are clear concentrations of
the variables in the Belfast area of both ‘good’ clusters to the East and South (low rates
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of LLTI, NQ and high rates of EA) and ‘bad’ clusters in the North and West of the city.
This is reflected at a country level as an East-West split of ‘good’, the areas to the Eas-
tern side of NI and ‘bad’, occurring more on the Western side of NI. This demonstrates
spatial inequalities at an intra-regional level. The combined ‘indicator’ map also shows
pockets of poor ‘performance’ for all three indicators which could be used to help for-
mulate social policy. Policy should therefore focus on reducing both the concentration
of ‘bad clusters’ and the differences between the ‘good’ and ‘bad’ areas more generally.
Software
The software used for the spatial analysis in this short article was the open source sta-
tistical software R (R Development Core Team, 2007, http://www.r-project.org), and the
spatial data packages spdep (Bivand, 2008), maptools (Lewin-Koh and Bivand, 2008)
and RColorBrewer (Neuwirth, 2007, http://colorbrewer2.org/). The R software was used
to input the data and to undertake any calculations required, principally the Moran Sta-
tistic and the mapping. R was also used to output maps to graphics files post analysis.
RColorBrewer was used to colour the maps. The scripting code is available from the
author.
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